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GIPT
MRS. C. W, PATTERSON

mOANDESCENT

ELECTRIC LIGHTING.

At the time when the first edition

of this little Yolume issued from the

-press, Electric Lighting by Incandes-

cence, had barely got beyond the stage

of a laboratory experiment, and the pos-

sibility of lis^hting large districts from a

central station, as successfully as with

gas, was doubted by men who now stand

high in electrical ckcles. So great indeed

has been the change in this art since that

time, that we are rapidly becoming pos-

sessed of the indifference consequent

upon familiarity, and take the introduc-

tion of the electric light into our fac-

tories, business places, and dwellings^ as

a matter of course.

There is however one phase of this in-

7
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dustry, which is rapidly placing—even a

general knowledge^ of the means by

which the electric current is generated

and distributed beyond the reach of all

but those actually connected with it as a

business, or the student who proposes to

follow it as a profession; this is the tend-

ency to centralize electric lighting and

to substitute large central stations,

where the machinery for generating the

current is located and whence the wires

are ran for distributing the same, for

the numerous small plants now scattered

oyer the country.

While these central stations clieapen

the production of the light, and bring it

within the reach of those who otherwise

could not afford it, it does away with the

large number of isolated plants, which

formerly afforded the curious an oppor-

tunity to inspect the generation, distribu-

tion and utilization in liglit^ of this form

of energy.

While the opportunities to become in-

formed upon this subject are rapidly

growing less, the electric light aa a
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factor in our civilization, is becoming

daily- of more importance.

Millions of capital are being invested

in its production, and it is being intro-

duced throughout the world as rapidly

as human activity, supplemented by all

the agencies of an advanced civilization,

can accompiish this end.

It is to meet the want among the in-

telligent laity, that is now—and will be

later on more keenly—felt, for a general

knowledge of this subject, superficial

perhaps, but yet connected and logically

arranged, that the jiublishers have decid-

ed to re-issue this number of tbeir

Science Series, with the matter contained

therein, thoroughly revised and brought

down to date; and trust that the same

generous appreciation which attended

their first effort, will justify them in this

attempt to give to the public a popular

exposition of the art of electric lighting

by incandescence.

While a system of electric lighting,

includes a large number of devices, the

greater portion of these are simply

Digmzea by LiOO^lc
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designed to control or utilize the current

produced by the generator. This latter

then is practically the alpha and omega

of all systems^ for from it goes forth^ and
to it returns, the energy which in differ-

ent parts of the circuit, take the form of

light, through the instrumentality of the

carbon filament enclosed in the glass

bulb of the lamp. The generator acts

somewhat like a pump, having a reservoir

within it, and which, when in motion,

forces the water from the reservoir,

through a long loop of pipe, both ends of

which terminate in itself.

It is thus, that the circuit may be said

to commence and end at the generator,

which transforms the mechanical energy

imparted to it into electrical energy,

and tlirough tlie medium of electricity,

produces effects that would be otherwise

unobtainable. >

While the laws, upon which the con-

struction and operation of the electric

generator depends, are complex, it is yet

possible to understand its parts, their re*

lation to, and action upon each other,

s
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without entering deeply into their in-

tricacies.

We are all familiar with the common
horse-shoe magnet, and have used it as a

toy, if not otherwise.

While watching how readily a needle^

tack, or other small object of iron or

steely would follow its movements, we
have wondered how this motion was pro-

duced without the objects coming into

actual contact with the magnet, and have

rested coutent with the explanation that

the phenomena before us, was the result

of a force called magnetism, which resid-

ed in the magnet.

This force which stretched forth its in-

Tisible fingers to move the tiny needle,

is that upon which depends the action of

the electric generator ; the magnet how-

over^ differing in sijse, and also in the

method by which its maguetic powers

are excited, as will be explained hereafter.

For the present let us confine ourselves

to the liorse-shoe magnet with wliich we
are so famiUar.

If we take such a magnet, and wave it

Digiiiz
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to and fro above a needle resting upon

the smooth top of a table, we will find

that tlijB needle will follow the magnet

energetically or otherwise^ according to

the proximity of the magnet; that is to

say, the farther the magnet is away the

less its power oyer the needle*

it may be well to state here, that, when
speaking of the action of the magnet
u])OR any object, we wiah it to be nnder-

stood that the object is presented to the

ends ot the magnet, as it is in its ends that

its greatest strength lies. The relatlTO

conditions of the different parts of a

straight-bar magnet are shown in Fig. 1,

the bmsh-like lines at the ends giving a

clear idea by their number and length,

of the different degrees of magnetism

existing at various points in the magnet;

i^'iyuiz-uu by Google
|
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these conditions would remain practically

the same were the magnet bent in horse*

shoe form.

If we substitute for the needle a loop

of copper wire we shall, by the motion

before described, induce in the copper

wire a current of electricity, and that

without actual contact between the mag-

net and the wire.

Should you hold a horsehoe-maguet a

slight distance above a long bar of iron,

and then move it forward parallel there-

to, you would find that it offered resist-

ance to being moyed thus, and that you

would be forced to put forth some

strength, both to keep it in motion as

well as to prevent it being drawn down
into contact with the iron; in fact, the

sensation would be much the same as

that experienced in moving a brush

across the surface of a liquid, oil for in-

stance, with the bristles just touching its

surface.

These invisible bristle-like projections

produce the current of electricity in the

wire when the latter cuts through them.

Digmzea



To tell why such results lollow the

moTements we haye described we leare

to higher authorities; our purpose is to

deal with the facts, believing this suffi-

cient for the purpose we have in view.

If you will glance at figure 2 you will

see there shown a loop of wire such as

has been referred to^ mounted upon a

shaft having a handle for the purpose of

reTolving the loop rapidly between the

ends of a magnet. This wire is covered

with a substance which prevents the

electricity passing from it otherwise

than through the large pieces of metal,

which are arranged about a cylindrical

piece of non-conducting material, as a

block of wood, in such a manner as not

Liyiiized by Google
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to touch each other; this latter being

shown in the cut located near the handle

on the forward end of the

shaft. Figure 3 shows an

end view of this insulating

device.

If the shaft which sup-

ports the loop is rapidly

revolved; a current of elec-

tricity will be set up in the wire loop by

bridging over the space at the ends of

the wire between the metal plates with a

piece of metal or another loop of copper

wire; copper always being used to con-

duct electricity where it can be, for the

reason that it is the best practical con-

ductor of electricity.

Such a device as this would be of little

service in producing the large currents

neetied for the electric light, both be-

cause there would be an insu£Qcient

amount of wire and, further, because

such magnets as have been described

—

called permanent magnets—cannot be

made sufficiently strong for the commer*

cial generation of great currents.

Digmz
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We therefore have to resort to methods

which; while they differ somewhat from

this arrangement in detail^ are practical-

ly the same.

In the first place we must have a large

number of these wire loops, and as the

wire is soft and easily bent, we must wind

it about a core so as to hold it rigidly in

place, as it has to be reyolved very rapid-

ly. Again, the ends of each wire loop

must be brought out and attached to

plates or blocks of metal, arranged upon

some kind of non-conducting substance

at one und of the shaft upon which the

whole will turn. Sometimes the ends of

the loops are attached to each other in

such a manner as to combine all the

loops as though they were one wire, and

then separate pieces of wire are attached

to them where they join each other, and

these short wires terminate in plates at

the end of the shaft as before described.

As each loop of wire (which may be

made of one or more coils) comes into

the space between the ends of the mag«

net, a current is set up in it; this current

Digmzea by LiOOglc
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increasing or subsidiiig, according to the

position of the loop with relation to the

ends of the magnet. As the oarrent is

generated, it flows toward the pieces of

metal arranged on the end of the shaft,

and from them into what are called

brushes, which are flat pieces of metal

that rest against those arranged on the

end of the shaft so as to have intimate

contact with them without retarding their

rotation.

This arrangement is clearly shown in

the cut. Fig. 4, in which a is a shaft,

to which is fixed a drum or core b,

wound with a number of coils of in-

sulated wire c; that is, wire which is

carefully covered with a material which

practically prevents the passage of elec-

tricity through it. These wires are con-

nected together at the front end of the

drum, and are also secured to curved

pieces of metal d, which for the sake of

clearness, are shown with that end of the

shaft removed, and as also having the

brushes e e resting against them.

These plates, d d, vary in number

Liyiiized by Google
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according to tbe number of coils of wire

wound about the drum, and when ar-

ranged in place and secured to a drum
or core of insulating material,—^that is

material which will not conduct electri-

city,~ are called the commutator;^'

their office being to conduct the impulses

of current from each coil as it comes

into proper position with relation to the

ends of the magnet^ into the brushes,

from which it passes out through the line

wires to the lamps or other electrical

devices.

Liyiiized by Google
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The drum with the wire wound about

it is called the Armature/'

In the practical machine used in elec-

tric lighting, the core of the armature is

made of thin discs of soft sheet iron;

these discs are prevented from touching

the shaft by the interposition of insulat-

ing material^ and have insulating mate*

rial, arranged between them so as to pre-

vent their toucliiug each other, they are

however so rigidly secured to the shaft

as to be in no danger of becoming loose

when the shaft is rapidly rotated. Fig.

5 shows a complete armature, with com-

mutator attached ready to be placed in

position in the generator.

When the parts of a generator are

properly connected to each other, as weU
as to the outside lamp circuit, the cur-

rent generated in the armature, is aug-

mented by the presence of the iron core,

which attracts the lines of force extend-

ing out from the field pieces, and so con-

centrates them as to cause the wire

wound about it to cut through the
i

I
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greatest possible number of these lines in

a given time.

And here it becomes necessary to lay

aside the permanent horseshoe-magnet^

which has served us so well up to this

point in our explanation, and substitute

in its place the practical electro-mag-

net.

If we retain the shape of the horse-

shoe (see fig. 6), and make our magnet
of soft iron—instead of steel, the mate-

rial of which the permanent horseshoe-

magnets are made—we shall have a de-

vice which will need something to charge

it with magnetism whenever it is

brought into use; this something is the

electric current^ and we supply it to the

magnet by winding one or more coils of

insulated wire about the legs of the mag-

net near their ends.

It is necessary that there should be a

slight trace of magnetism in these electro-

magnets, in order that the electric current

may have something to act upon to assist

it in creating the necessary magnetic

condition in the generator; this want is

Liyiiized by Google
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supplied by what is called residual mag-

netism, the name giyen to the small

Fia. 6.

quantity ot magnetism which always re*

aides in large masses of iron or steely or

Digitized by Google
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remains tliere after it has once been ex-

cited by an electric current.

These horseshoe-magnets are called the

Field Magnets^' of a generator, be-

caase^ between their ends where the ar>

mature is located is what is known as the

field of force^ taking its name from the

lines of force, which is the technical term

used for designating the power eminating

from the poles of a magnet; and finally,

in the practical generator the magnet

ceases to assume the form of a horse-

shoe.

In Fig. 7 is shown a generator of the

type now commonly used for supplying

the current for the incandescent electric

light. The ring having the alternate

black and white spaces^ is the commu-
tator^ which you will remember is se-

cured to the same shaft as tlie armature

and is practically the same. The large

circle about the commutator is intended

to represent the outer surface of the

armature, which runs very close to the

field pieces, N S, as these enlarged ends

of the magnet are called. The heayy

Digitized by Google
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lines resting against the commutator are

the brushes from which the wires leading

to and from the lamps go forth.

Fio. 7.

You will notice that from the upper

brush, two wires are led; the larger of
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these, is supposed to be the wire that car-

ries the current to the lamps^ the loca-

tion of which is shown by the dotted

portion of the heavy line j the direction

of the current in the same being indi-

cated by the small arrows as proceeding

from the upper to the lower brush.

Tlie fine wire passing from tlie upper

to the lower brush is shown as being

coiled about both legs of the magnet, and
terminating in the lower brush. The
office of this wire is to magnetize the iron

in the electro-magnet, and it is made
smaller than the lamp wire^ because only

a small portion of the current generated

in the armature is intended to flow

through it^ the greater portion being util-

ized in the lamps.

Fig. 8 gives a clear illustration of this,

the lamps being shown as they are ar-

ranged in practical lighting. Here also

is shown, what is termed a resistance box^

which is a box filled with a large number

of coils of wire^ made of material that

will not readily conduct electricity, and

so arranged as to be capable of being

Liyiiized by Google
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brought one after another into circuit

with the fine wire passing around the

field-magnets, bo as to regulate the

amount of current which passes about

Fio.8.

them, thus controlling the amount of

current generated.

The form of generator yhown in this

Digmzea by LiOO^lc
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figaTe, is that need in the Edison system

•of incaiiduscent electric ligliting.

The pole pieces rest upon blocks of zinc^

nrhich do not interfere with their ma^e-
tized condition ; and this zinc is in turn

supported upon an iron base, the whole

heing secured togetlier so as to form a

neat and compact macaine as shown in

Fig. 9.

Before proceeding to discuss thct

means and devices for utilizing the elec-

tric current, let us be quite sure that we
fully understand the several parts of the

generator, orDynatno, as it is commonly
oalled, their individual purpose, action

upon, and relation to each other. First

are the electro-magnets known as ^* field-

magnets/' with their ends or " poles

enlarged by tlie " field-pieces/' between

which is the space known as the ^ afield

O-^ force or " magnetic-field,^Mn which

revolves the armature/' having its

several coils of wire connected to the

strips of the commutator/^ these

Btrips having intimate contact with the

brushes*^ resting upon tliem, wliicli
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•

latter are connected together by the

line wires/^ the outgoing current wire

generally passing forth from the upper

brush to the locality to be lighted^ from
whicli the wire for the incoming current

returns to be secured to the under brush,

or what is equivalent to that^ the line

wires are secured in binding posts'''

connected directly to the brushes. We
thus have a ^'closed circuit/' as it is

generally termed, consisting of the wire

coiled upon the armature, the strips or

plates upon the commutator, the brushes,

and the wire leading from and returning

to them, between, or in which the lamps

are arranged ; so that the current of elec^

tricity generated in the armature, passes

through all of these, and returns again to

the armature, thus completely traversing

what is known as the " lamp circuit/'

We also have a line of finer wire passing

from one of the brujsiies, coiling about

the field-magnets, and returning to the

other brush; this is known as the field

circuit/'

The lamp circuit is so named, because

Digmzea by LiOO^lc
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in it are located the incandesoent lamps.

The field circuit takes its name from

its office of furnishing the necessary cnr-

Tent for the excitation of the field-mag-

nets.

Having located and arranged all the

parts of the generator^ let us proceed to

note how they act upon each other.

Attached to the shaft of the armature,

is an iron^ wheel or pulley, about which

passes the belt from a steam engine.

When the engine is started, this belt

transmits its motion to the pulley, rap-

idly revolving it and the armature upon

the shaft with it.

As the armature revolves, the wire

round about it is acted upon by the resid-

ual magnetism in the field pieces ; this ex-

oites a slight current in the armature, a

part of which passes out to the lamp

circuit, the remainder passing througli

the field circuit and increasing the mag-

netism in the fields, which act somewhat

more strongly upon the armature, in-

increasing and strengthening the current

passing from it, which in turn acts upon

Liyiiized by Google
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the magnets^ and thus each aids the

other, until the magnets have reached

their full power^ and we have the gene-

rator working at its greatest capacity; the

major portion of the current flowing ont

to the lamps, while the remainder keeps .

the field magnets charged with the mag-
netism necessary for the generation of

the current.
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TBB LAMP.

In Fig. 10 and Fig. 10a is shown an

incandescent lamp, both in and out of its

receptacle or socket. The lamp is formed

of an elongated glass bulb, into the bot-

tom of which passes a hollow glass stem

;

this stem is closed at its top and has im-

bedded in it small conducting wires of

platinum which supporta loop-likethread

or filament of carbon or charcoal, made
from the hbre of bamboo. The bottom

of the tube is melted or sealed to the

glass bulb so as to make the latter air

tight at that point, and after the air con-

tained in it is exhausted through a tube

of glass attached to its top and connected

with an air pump, that end is also her-

metically sealed, by- melting the glass at

that point into a tiny glass knob, as

shown in the cut.

Attention is then given to the bottom

of the lamp; about which is moulded a

Digmzea by LiOOglc
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«

block of plaster held in place by spurs or

projections on the bottom of the tabe

which supports the carbon filament.

About the outside of this plaster base,

is arranged a thin shell of metal pressed

into the form of a screw, and to which

is attached the end of a small copper

wire, the other end of this wire being

melted or soldered to the free end of one

of the bits of platiiuun supporting the

carbon filament ; the other bit of plati-

num being in a like manner connected by

a piece of copper wire to a metal button

on the bottom of the plaster base cd the

lamp.

Thus to follow the circuit of the com-

pleted lamp^ we could start at the metal

screw shell on the outside of the plaster

base, thence through the copper wire

attached to it to the small platinum wire

embedded in the top of the glass tube^

through the carbon filament secured to

it, to the opposite platinum wire and

down the copper wire secured thereto, ter-

minating at the metal button on the bot-

tom of the plaster base, which is insulated
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from the screw shell hy the plaster of

Paris, a non-conductor of electricity.

. This is the coarse the electric current

would take when the lamp is in oper-

ation.

In the socket is also arranged a screw

shell, to receive that on the base of the

lamp; while the hatton on the bottom of

the lamp base, comes into intimate con-

tact with , a similar button in the lamp
socket.

The socket has upon its bottom a

threaded piece by which it may be ar-

ranged upon a gas fixture chandelier, or

regular electric light fixture; and when
thus arranged, has leading into it, two

wires,—one permanently attached to a

metal piece connected directly with the

screw shell of the socket, while the other

is attached to a metal piece which can

be brought into circuit with the button

in the socket, by means of a metallic

connection carried on the shaft of a key

arranged to rotate in the socket.

By rotating this key, shown projecting

from the socket, the connection between
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this latter wire and the button of the

socket can be either made or broken, thus

enabling the lamp to be turned on and

off at will.

If the electric current can be forced

through a Bubstance that is a poor con*

ductor, it will create a degree of heat in

that substance, which will be greater or

less according to the quantity of electri-

city forced through it.

Upon this principle of the heating

effect of the electric current, is based the

operation of the incandescent lamp just

described. While the eo})per and plati-

num wires readily conduct the current,

the carbon filament offera a great deal of

resistance to its passage, and for this

reason becomes yery hot, in fact is raised

to white heat or incandescence, which

j;iTes its name to the lamp. You doubt-

less wonder why this thread of charooal

is not immediately consumed when in

this state, but this is readily accounted

for wlien you remember, that without the

oxygen of the air, there can be no com-
bustion, and that every possible trace of
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air has been removed from the bulb and

it so thoroughly sealed up as to pre-

vent the admission of the air about it;

and yet the lamp does not last for ever,

for the reason that the action of the cur-

rent upon the carbon has a tendency to

divide up its particles and transfer them
from one point to another so that, sooner

or later, the filament gives way at some
point. Yet most of these lamps are

guaranteed to last a thousaud hours, and
this at from four to six hours a day gives

the lamp a life of several months.

Although electricity, like the airaround
us, seems very impalpable, appealing to

so few of the senses, it is yet capable of

being measured, for in order to run the
lamps economically, we must give each

of them only its due measure of the elec-

tric current passing over the wires.

The current which flows through each

lamp is measured in Amperes by an
^'Ampere Meter,^^ and the pressure which

forces it through against the resistance

of the carbon filament is measured in

Volts/' by a Volt Meter,'' so that a
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lamp to give a light equal to an ordinary

gas burner is known to consume a cer-

tain amount of electric energy^ and we
are thus enabled to determine what it

costs to produce lights or to burn each

lamp for a given number of hours.

In addition to these instruments we
have a device which is placed in each

house to show how much current passes

to the lamps therein; This is the ^^EleC"

trie Meter/'

There are a number of methods of ar-

ranging the incandescent lamps with

relation to the wires leading from the

generator. What is termed the two wire

system is shown in Fig. 8, and is the

one generally employed in what is known
as isolated lighting; that is^ in cases,

where the machinery for generating the

current, is located at the place where the

light is to be used ; as in factories, large

hotels, and like places not located in a

district lighted from a central station.

When large districts of a city are light-

ed from a central station, what is termed

the three-wire isystem, is generally em-
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ployed, as it has economical advantages,

which are not possessed by any other

method that has been in practical opera-

tion up to the present time for commer-
cial lighting on a large scale.

In the two-wire system, the lamps are

arruiigecl b(.'tween the two large conduc-

tors, in what is called multiple arc or

parallel ; that is they are arranged like

the rounds of a ladder between the main
conductors.

This arrangement leaves each lamp in-

dependent of all others, so that any one
may be turned on or off without interfer-

ing with those that remain burning. In

order, howeyer, that the lamps farthest

removed from the generator shall have as

much current as those nearest to it, the

main conductor must of necessity be so

large as to present practically no resis-

tance to the passage of the current

;

for this reason the two-wire system can-

not well be used, under conditions re-

quiring the current to be led a long dis-

tance to the point where the lights are

to be used, as the cost of the large cop-
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per conducting mains becomes so great

as to seriously interfere with the econom-

ical introduction of the system upon a

commercial basis. It was to obviate this

defect, that the three-wire system was

invented by Mr. Thomas A. Edison.

In practical electric lighting, the num-
ber of lamps receiving their current from

a common central station^ often runs up
into thousands

;
and, as it is neither

practicable nor desirable, to run these

lamps all from one genemtor, a number
of generators Iiave to be combined to-

gether to furnish the necessary current^

each generator having a capacity of a

given number of lamps. These being

the conditions under wliich lightin^^

must be done, we will endeavor to make
clear by comparison the advantages se-

cured by the employment of the threei

wire system. In. Fig. 11 A represents

two dynamos liaving a capacity of five

lamps each. Supposing these lamps to

require one ampere of current eacli, and

a total electro-motive force of pressure

of ninety volts at the lamps. If these
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lamps were^ say^ five hundred feet away

from the generator, we might in order

to save expem^e in wire, use ^ size so

Fig. 11.

small as to entail a loss of ten per cent,

iif the total energy in the wires; that is,

ten per cent, of the energy given out by
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the geuerator would be consumed in

overcoming the resistance of the wire.

This loss would amount to teu volts, it

being much cheaper to waste this amount
of energy in the wires, where great dis-

tances have to be traversed, than to fur-

nish wires large enough to present no

resistance to the passage of the current.

This being the case, the two dynamos

shown at A, would be furnishing each

100 volts and 5 ampdres, and would be

using conducting wires or " Mains/*

large enough to carry this current.

Should we now connect these ten lamps

two and two in *
' Series, that is, two on

the same wire as shown at B, between

the outside wires of the two dynamos,

and then connect the dynamos together

by a short wire, we should be enabled to

dispense with two of the mains leading

from the generators to the lamps.

As the lamps were first arranged, it

was only necessary to have a pressure of

ninety volts, in this arrangement, how-

ever, two lamps being coupled together

in series, their resistance is doubled, and
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consequently the electro-motive force to

OTercome that resistance mnst also be

doubled; and we must now have 180

volts at the lamps, but not so with

the current. The lamps being now ar-

ranged two on the same wire, the current

which passes through one will pass

through both; and now instead of having

one ampere to each lamp, we have one

ampere to each two lamps, or live amperes

for the ten lamps.

This is just one half of the current

used in the first case, as illustrated at A,

we have therefore, by the removal of the

two conductors, reduced our wires one

half, and by the change in the arrange-

ment of the lamps, have reduced our

current one half. Since this arrange-

ment, while an excellent one, has the

disadvantage that the two lamps coupled

together are dependent upon each other^

and neither can be extinguished, with-

out cutting off the supply of current

from the other; to obviate this defect

we have a third wire extending from

the junction of the two dynamos^ and
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passing betweeu the lamps^ as shown
at G. This is termed the neutral wire^

and serves to conduct the current to

either lamp of a couple when the other

is turned out. Supposing the neutral

wire to be of the same size as the

other two wires, we then have in the

three-wire system, three wires^ each one

half the size of any one of the four

wires used in the two-wire system, thus

we have for the same number of lamps

but three eighths of the original amount

of wire.

In actual practice this is further re-

duced by making the neutral wire one half

the size of the other two; thus giving

us a total of five sixteenths only of the

wire used in the arrangement shown at A.

Fig. 12 shows very clearly the arrange-

ment of dynamos, wires, and lamps, in

the three-wire system. A and B are the

dynamos; the positive wire r of A and

negative wire t of B, forming the positive

and negative wires of the system, while

the negative wire of A, and the positive

wire 6t B, unite at « to the neutral wire
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lamps as practically arranged between the

wires in the usual manner^ while h and t

Mhow lamps arranged between the outside

wires, as they may be, and frequently are,

for certain specific purposes, and e

iiiid / illustrates the method of leading

t

0

Fio. 12.

wires from the street mains into houdt'S

which are to be lighted, as is the practice

where this system is to be used on a

large scale.

The two generators shown coupled to-

gether form the unit which is multiplied

in creating a central station. Of course

the dynamos vary in size and capacity;
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bat whatever be the size of the Btation it

is formed of two or more of these units,

that is^ of two or more couples of gener-

atoTSy each couple being composed of two

dynamos as near alike as it is possible to

have them, and ran from one and the

same engine. It will be seen that by

this arrangemeut a station is secured

against a general break-down; for the

disablement of any one unit will in no

way prevent the operation of the others^

and as a station rarely runs at its full

capacity there is always machinery

enough at liand to supply the current

cut-off by the failure of any unit to oper-

ate in a satisfactory manner.

It is important in operating the three-

wire system that the number of lamps

on either side of the middle or neutral

wire should be the same. When this

condition exists, the neutral wire has

no current flowing through it and the

system is said to be balanced; but as

the lights are turned on and oil at

will, by the parties using them, it is

obvious that the lights on different sides
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consequently often throw the system out

of balance. To counteract this influence

certain devices known as Equalizers

are introduced into the system.

These equalizers consist of boxes con-

taining coila of wire which oiSer a great

deal of resistance to the i)ji8sa<j:e of tlie

current, and are so arranged that one

coil after another may be brought into

or out of the circuit, by simply rotating

a handle placed on the outside of the

box.

The general arrangement of this de-

vice is shown in Fig. 13, wliere DD are

dynamos, and iiK the equalizers.

When a number of lamps sufficient to

destroy the equilibrium of the system

are turned in or out of either side of the

system, a proportionate amount of resist-

ance is thrown in or out of the proper

side by means of the r^ulators so as to

restore the balance.

Where large districts of a city are to

be lighted it is important that the

pressure at all points of the circuit should
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be unifarm^ in order that all lamps may
give the same amount of liglit. To
accomplish this by running couductors

directly from the generators, would in-

Fio. 18.

olve the use of wires so large as to prac-

tically debar their being used on account

of the great cost of the copper employed
in their manufacture.
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In view of these conditions it is the

practice to lay the Mains/^ which are

to supply tlie current to tlic lamps, only

through the streets where the lamps are

to be used. This is shown in Fig. 14

whicli rei)resents the map of a section of

a city district.

Fio. J4.

The mains are laid underground on

both sides of the street; and are joined

gether in Man-Holes/' or Jnnction*

Boxes^^ at the corners.

Into these junction-boxes are brought

what are termed the Feeders which

convey the current from the station to
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the mains. The feeders are brought ia

at such points as are best arranged for

distributing the current equally through-

out the mains.

In Fig. 14^ the junction-boxes are num-
bered 1, 2, 3, 4, and the lines running

from them to the station are the feeders.

In addition to the three feeders, there

Are three Pressure-Wires returning

to the station, these latter being connect-

ed to what are termed " Pressure Indi-

cators/' located in the station in plain

view of the operators.

These pressure indicators show the

pressure at the ends of the feeders in the

junction-boxes where thej are connected

to the mains, and warn the attendant

when the pressure in any part of the

system is either higher or lower than it

should he.

Where wires are to be laid under-

ground they are first carefnlly wrapped

with an insulating material, and are then

arranged in lengths of wrought-iron tube,

which are afterwards filled with an in-

sulating compound to prevent hll contact

Liyiiized by Google



48

between the wires and the iron tubes.

These tubes when laid are connected to-
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gether by means of cast-iron junction-

boxes, into which their ends are secured.

Fig. 16.

the projecting wires being connected to

each other by flexible connections. These
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boxes are made in halves, the upper half

Fig. 17.

being provided with holes which are
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finally closed with screw pings after the

halves have been firmly secured together

and the interior filled with insulating

componnd.

In Fig. 15 we have a view of an opea

Fio. 18—This (^laprrnni represents a man hole, anct

shows the interior connections ajid distribution

Isetween feeders and mains.

box showing the method of joining the

wires together with tlie flexible connec-

tions; and in Fig. 16 is shown the upper

and lower halves of the box with holes

and screw plugs as described above*

Fig. 17 shows a branch box having small

wires leading therefrom. These boxes
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Hre used where wires are to be led into a

baildingy or to supply a street branch.

Fig. 18 shows the method of runDiiig

several tubes into a man-hole and con*

necting all together there.

To return to the station, Fig. 19 shows

the general arrangement of the electric

devices therein. Here are shown three

nnits or couples of dynamos; each indi-

Tidual dynamo having a regulator for

controlling the amount of current pass-

ing through its magnet coils.

The three heavy lines running nearly

the full length of the figure are what

are termed the **Bus^' wires, and are

marked respectively^ positive, negative

and neutral, as shown by the signs at-

tached to each.

The object of these wires is to receive

the total current delivered by the units,

and conduct the same to the feeders for

distribution to the outside mains. It

will be observed that one wire from each

of the couples of dynamos passes to the

neutral bus, while the other two wires

pass to the positive and negative buses, re-
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Bpectively, through "Am-metera" which

show theamouut of current being deli?-

ered by each couple^ while two other am-
meters are arranged in the bus line to in-

dicate the total amount oi current flow-

ing out to the lamps. Beyond the am-
meters are placed what are I^nown as

Changing Switches/^ by means of which

either the positive or negative circuit may
be broken at wiil^ so as to make both out-

side wires of the system either positive or

negative; the neutral wire serving in such

a case^ either as positive or negative ac-

cording to the way the switches are

thrown.

This arrangement of the wires is rarely

brought about except in case of an acci-

dent disabling some of the engines or

generators when the load on the wires is

very light.

To their proper bus are connected the

feeder wires enclosed in tubes^ 1, 2, 3, 4,

leading to the junction boxes similiarly

numbered. These feeder wires are con-

nected with the equalizers before descri-

bed; the ueutral wires, however, being
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without them as^ when the circuit is

properly balanced, no current passes over

these wires, la addition to the equali-

zers the positiTeand negative feeders are

supplied with am-meters so as to guide

the attendant in regulating the current

in each, and all have Safety-catches
"

composed of strips of a metal melting at

a very low temperature.

Auy excess of current passing over the

line of feeders, either to or from the sta-

tion, will melt these safety-catches be-

fore any damage can be done either to

the lamps outside or to the apparatus

within the station.

The number of lights iu operation up-

on a circuit varies at difierent hours, and
this variation must be provided for; that

is, only enough current should be gen-

erated to supply the lights in actual

operation.

It would be far from economical to run

a station up to its full capacity through-

out the time when lamps are burning, as

different classes of buildings require light

in different measures, and while some
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use light only an hour or two^ others re-

quire it for several hours.

These conditions are met by the atten-

dant at the station who, by means of the

various deviceslor regulating the current^

keeps a pressure upon and a quantity

flowing over the wires only sufficient for

the number of lights in use at any given

time.

As the lights are turned on or off the

current increases or diminishes, and up

to a certain limit this change is met by

using the regulators.

When the current becomes too great to

be controlled by these, one or more units

are thrown out of operation; that is to •

say, one couple of dynamos is stopped,

and then another, and so on as the lights

are gradually turned off. On the other

hand, as lights are turned on and the

supply of current increases, one couple

after another is put in operation to keep

pace with the demand.

To make this clearer, we will say that

two dynamos are started late in the after-

noon a little before the time when
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lighting generally commences. If no
lights are turned on there will be no
current generated, because we shall have

what is termed an open circuit; that

is, there will be no connection between

the outgoing and incoming, or what is

known as the positire and negative wires,

as there is when lamps are in circuit.

As soon, however, as a lamp is turned on,

abridge is formed connecting the main

wires and permitting the current to flow

over the completed circuit, which in*

eludes the generator, the latter becoming

active the moment the circuit is closed

by the introduction of a lamp. A glance

at the volt meter shows us that we have

a pressure greater or less than lOQ, which

is the pressure we require; and by operat-

ing the resistance boxes connected with

the fields o£ the dynamos, we secure the

proper pressure, and the current being

proportional to the pressure divided by

the resistance of the lamps in circuit

will take care of itself.

As more lamps are turned on our

pressure begins to fall below 100 and, we
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liave to manipnlate our field-resistance

bozes so as to permit more current to

How aronnd the field-magnets^ thus in-

creasing our current and raising our

pressure to the proper point.

This is continued until the number of

lamps in circuit nearly equal the capacity

of the pair ofdynamos in operation^ when
two others are started, and are permitted

to get up to the proper speed before

they are coiinected with the geiieral cir-

cuit; for the pressure of the current

from any dynamo varies with its speed;

and should a dvnamo be connected to

the general circuit before it had attained

the necessary speed to give its current the

proper pressure, the current from the

dynamos already in operation would pass

through it and cause its armature to ro-

tate without producing any current; on

the contrary, it would absorb an amount

of current proportional to the power

necessary to turn its armature, and wliat-

ever that armature might be connected

with by belting,—^this condition is known
as making a motor of a dynamo.

Digmzea by LiOO^lc



58

Although the dynamos about to be

turned on may be running at full speed,

and ready as soon as thrown into cir-

cuit, by what are known as switches, to

generate a current of the proper pres-

sure, they nved not necessarily be pre-

pared to generate a large amount of

current, for the reason that the field-

resistance boxes may be so arranged as

to allow only a very small amount of the

current generated to pass around the

fields; so the couple, when they are

finally thrown into circuit, add but little

to the amount of current going forth

over the line but, as soon as they are

fairly working, the attendant by means

of the field-resistance boxes of the four

dynamos regulates them so as to have

each generating its proper portion of the

current or, as it is generally expressed,

carrying its portion of the load. As the

load—^that is the number of lights

—

increases, these four dynamos are

brought up as near their full capacity

as is desired, and then others are thrown

in, and so on, until the station is work-
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iDg at its full capacity; the regulators

meanwhile being operated to keep the

sides of the system in balance.

The operation of decreasing the out-

put of the station is somewhat similar to

the foregoing. The excess of current,

as lights are turned off, being taken care

of by introducing the resistance of the

regulators up to the proper point, and

then operating upon the fields of the

dynamos, until the current necessary for

the lamps in circuit falls to a point

where it is expedient to cut out a pair of

dynamos.

The couple to be cut out of circuit,

have their field-resistance boxes manipu-

lated until they are generating only

enough current to keep their pressure

up to the proper point to prevent the

main current from turning them into

motors, when they are thrown out of

circuit and the engine driving them is

stop])cd ; the other dynamos having

meanwhile been so regulated as to divide

the total load between them, and this
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operation is repeated as day draws on,

until the entire station is at rest.

That the operations just described

should be intelligently aiid carefully

performed, is of the greatest impor-

tance, as each lamp when burning

represents a given amount of coal being

consumed at the station; and as the

light is sold at a predetermined and

stated price, just as gas is, it is neces-

sary, in order to have the electric light

company's books balance in favor of the

proper parties, that no coal should be

burned unless the light is in actual

use. This can be accomplished only by
reducing the outgoing current as rapidly

as it can safely be done when tlie lights are

turned off, and increasing it only as fast

as is absolutely necessary when lights

are being turned on ; for, the greater the

current win<j^ forth, the more dvnamos

in operation, the larger the number of

engines required to run them, the more

steam at a given pressure must be fur-

nished to the engines, and the more coal
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of necessity burned to keep up the sup*

ply of steam.

From this vou will see that there is a

close relationship between the incan-

descent light and your grate flre ; the

former being the energy of the latter in

a form almost identically the same, in

both instances we have incandescent

carbon^ tlie ultimate object in one case

being heat, and in the other light.

Having proceeded thus far, let us

glance back over the road by which we
have come and see that we fully com-

prehend the relation, each to the other,

of tlie several devices necessary for tlie

creation and utilization of the electric

current for the purpose of lighting by

incandescence,

Strictly speaking we should start at

the coal pile ; but were we to whittle our

stick to so fine a point we might be

tempted to go back beyond the glacial

period, when our coal fields existed as

the superabundant vegetation of a trop-

ical clime. It will, however, suffice us to

confine ourselves to this age of light;
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and lest we be tempted to tarn aside,

into the by-paths oi speculatiou and

geological research, we will start with

the furnace, that indispensihle adjunct

of the steam boiler.

Having generated sufficient steam for

our purpose we open the vaiyes and let

it enter the cylinder of the engine, where

its energy is transmuted into the rota«

tions of the fly*wheel and these rota-

tions are in turn transmitted—through

the belt connecting the fly-wheel to the

pulley on the armature shaft,—to the

Armature of the generator. Here oui

current is generated and hence it goes

forth over the feeders to the thousands

of lamps scattered over the district being

lighted.

The glowing carbon in our furnace,

has compelled by its heat the water in

our boilers to assume the form of steam;

the pressure of which in our engine has

developed motion ; and this motion,

transmitted to our dynamo, has there

taken the form of electricity, and flow-

ing forth ov er the line, has in the lamps
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by its energy produced again both heat

and light.

We know, in a general way, the use of

each device involved in this system of

electric lighting; it may, however, be

interesting to know something more defi-

nite as to the form and arrangement of

Fio.90.

the several parts of these devices as well

as the purpose they serve.

The most simple of these devices h
what is termed a " Cut-out^^ or " Safety-

catch.'' This is made in a great variety

of forms according to the position in

which it is to be used and the quantity

of current it is to carrv. That si i own at

Fig. 20 is intended to be attached to^

and connect the metal poi'tions of a
feeder or other switch for carrying heavy
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currents; it is composed of two end-

pieces of copper connected together by

a strip of alloy composed of a niuiiber of

metals so combined as to cause it to be

readily acted upon by a very low degree

of heat ; that is, to be melted by a cur-

rent far below what would have an in-

jurious effect upon the wires or other

portions of the electrical apparatus in

circuit with it. The co])i)er eiul-pieces

are provided with slots for the purpose

of passing about the shanks and under

the heads of the screws by which they

are secured to the switch. A space is

left between the parts of the switch to

which it is secured, so that the safety-

catch forms a bridge from one portion

of the switch to the other. Should the

current become too great for its carrying

capacity, the alloy would melt and fall

down upon the non-conducting base

upon which the several portions of tlie

switch are mounted, thus breaking the

circuit and cutting ofF the current until

suitable provision be made for its con-

trol, when another safety-catch is substi-
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tuted for the melted one, and all is

ready for continued operation. When
wires are led into houses^ a different

form of safety-catch is used. That

shown in Fig. 21 is intended to be placed

in the line immediately within the build-

ing before the wires pass throngh the

meter. It is arranged for three wires,

and is formed of wood, porcelain, or

Fig. 21.

other suitable insulating material; in it

are arranged three sockets, similar to

those in which lamps are placed, com-*

posed of a screw shell, at the bottom of

which is fixed a metal button, the shell

and button being separated from each

other by the insulating material of the

block in which they are mounted. On
either side of these sockets is a screw,

one of which is connected with the but-

ton, and the other with the shell.
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When this cut-out is in place, the

three wires entering the building are

secured to it by means of the screws on

one side of the sockets, while the three

leires leading to and through the me-

tre are secured to the screws on the

opposite side of the sockets, the circuit

remaining open however until a plug is

screwed into each of the sockets. This

Fia. 22.

plug, shown in i'ig. 22, is formed of glass,

and is hollow. On its bottom end is fixed

a metal button, which is connected to a

screw shell arranged on the outside by a

strip of Iho fusible alloy before men-

tioned, located in the hollow space, in

the interior of the plug; the top being

provided with a metal screw cap perfo-

rated to allow the gases to escape, if for
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any reason, the fitrip of alloy is melted

by an excess of current.

When the plugs are screwed into the

sockets in the cut-out, their metal but*

ton makes contact with the metal button

of the socket, while the screw shell ar-

ranged on their outside fits closely into

the screw shell of the socket, thus allow-

ing the line-wires connected to the cut-

Fio. 28.

out to communicate with each other

through the fusible piece contained in*

side of the plug. Farther on in the

house where wires branch off from the

main circuit into the several rooms, cut-

outs like that shown in Fig. 23 are used,

the three wires of the main circuit pass-

ing along them in the slots between the

^sockets, secured therein und connected
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with the sockets by the screws shown in

the cut, while the branch wires are led

off from the screws shown between the

sockets on either side of the cut-out.

Similar cut-outs, with three sockets on

each side, are provided for three wire

branches.

In the two wire cut-outs the buttons

of two of the sockets are connected to

the central or neutral wire, while the

buttons of the two other sockets are con-

nected with the positive and negative

wires respectively, thus disposing the

lamps on the branches equally on both

sides of the system. In the three wire

cut-outs, two of the sockets connect with

each of the three main wires.

These cut-outs are called two-branch

cut-outs as they admit of a branch cir-

cuit being led off from both sides of the

main circuit. Out-outs similar to these

are provided to meet all the require-

ments of distribution for interior light-

ing.

Switches, like cut-outs, vary in form

according to the purpose for which they
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xire to be used. Those with which the

public are most fiimiliar are shown in

Fig. 24.

They consist of a spindle mounted on

a non-conducting base, and liaving ar-

ranged upon it a metallic piece, which,

by turning the handle attached to the

spindle, is brought into contact with

metallic pieces to which the line wires

FlQ. 24.

are secured by suitable binding screws

thus closing the circuit.

The spindle is turned against the

stress of a spring, so as to break the cir-

cuit quickly, when, by rotating the spin-

dle, the bar mentioned is released from

the metallic line wire contact-pieces.

These switches are made of different sizes

for carrying different strengths of current.
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HOUSS IJGHTINGk

In laying the mains along a street^

suitable junction boxes for branch cir-

cuits are inserted in the line at points

opposite the buildings in which lights

are to be used, whence wires of a proper

size to carry the current to be used

are led into the buildings. Taking

one of these branch circuits, or house
" Services/' for example^ we lead it un-

derground through a tube similar to

those laid along the street until the wires

enter the cellar or basement of the build-

ing. Here they are connected to a

three-wire cut-out, and are then led to

the meter. This cut-out is to provide

against a larger amount of current than

is necessary for the number of lamps to

be used entering the house. The meter

is also proportioned in size to the num-

ber of lamps employed. After passing

through the meter, the wires are led to

^
.J
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an elevator shaft, hallway, or suitable

space provided in the walls for this pur-

pose^ as nearly central as may be^ and

are carried up to the topmost floor to be

lighted. On each floor the wires pass

through what is known as a pocket,

which is generally a boxed-up space pro-

vided with a door for easy access to the

enclosure.

In this pocket are arranged a number
of cut-outs and switches corresponding to

the number of branch circuits to be run to

the several rooms on that floor. At this

pocket, by turning the proper switch

»

lights may be turned on in any room be-

fore entering it, or the current may
simply be turned on, and the lightson that

branch be cut in one by one by turning

the keys with which each socket is pro-

vided.

i'or large chandeliers, a switch is gen-

erally arranged against the walls, at some

suitable point in the room by which all

the lamps on the chandelier may be turned

on at one and the same time.

Arrangements are often provided by
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which lamps may be turned on in the

hall at the front door^ and eittiftgnished

from the top of the stairs, thus allow-

ing one to have a light before them in

whatever part of the house they may
choose to go. This is a matter of economy

as well as convenience, for it allows of

lamps being lit only when and where

needed, enabling occupants to use light

only in the rooms occupied, while the

rest of the house remains in darkness

that may be dissipated in an instant at

the will of any individual occupant.

Lights outside as well as in are equally

under control, and the coming or retir-

ing guest may be lighted to the farthest

point of the most extensive grounds

without the necessity of the host being

in any way exposed to the weather. To
crown all, these luxurious conveniences

are furnished at a price to place them

within the reach of persons of but ordi-

nary means. After the plant is once in- •

stalled there is only the cost of the light

actually used. No leaking taps, or de-

fective joints, no smoke or smell, or dirt

—
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those unpleasant features inherent in all

other forms of artificial illumination.

The various devices once placed are

likely to last under ordinary usage as

long as the householder will probably

live to enjoy them ; the only exception

to this general statement being the lamp

itself which, with the proper current for

which it is constructed^ is guaranteed to

last one thousand hours. As the light-

ing company replace all lamps burned

out and, as they control the current to

which they are subjected, there is no
reason to doubt that their life will be

prolonged to the utmost limit consistent

with their being burned at their full

Candle-power,^^ which is that of an

ordinary gas jet, from a two-foot burner.

The term candle-power refers to the

standard wax candle, which is the unit

of illumination adopted in grading elec-

tric lights ; the lamps commonly used in

dwellings being rated as giving a light

equivalent to that of sixteen standard

candles.

In addition to the large number of ad-
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vantages possessed by tlie electric light

over all other forms of artificial illamina-

tion, it may be said to be far in advance

01 all others in the readiness with which

it may be adapted to all forms of decora-

tion.

It may be mounted in chandeliers, sap-

ported in brackets^ &xed directly to walls

and ceilings in any and eyery conceiyable .

position, or allowed to hang at tl^e ends

of flexible cords. The globes may be of

all colors, and the best talent of the oiTi-

lized world has been levied upon the

production of beautifully designed fix-

tures to receive them, as well as globes,

shades^ and reflectors to modify the lights

and enhance the beauties of its effects.

Like the light of the sun^ it beautifies all

things on which it shines, and is no less

welcome in the palace than in the hum-
blest home.

We have endeavored in the preceding

pages to state the fact clearly that in the

Edison three-wire system of incandescent

electric lighting the pressure upon the

wires is kept constant. A constant pres^
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sure implies a constant current^ to mea-

sure which the Edison meter has been

invented. Mr. Edison is the fortunate

possessor of that rare combination of

faculties, superior inventive ability, sup-

plemented by unusual business qualifica-

tions and^ to his intimates, the fact that

he has invented a device is a sufficient

guarantee of its commercial utility.

The foregoing statement holds good

with regard to the Edison meter for the

measurement of the electric current sup-

plied to one or more incandescent lamps^

and is called up by the fact that upon the

introduction of this meter the claim that

it was practical in its operations and suffi-

ciently accurate to form the basis for the

chains to be made the users of light,

was ridiculed by many who would bo

well pleased had they Withheld their

opinions till time and use had paved the

way for a more just decision upon the

merits of the piece of apparatus in ques-

tion. Time and daily use have proven

the Edison meter not only reliable but

beyond that, a standard for charges satis-
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factory both to the furnishers and users

of the electric light.

FiQ. 25.—Three-wire meter, open.

Its operations are based upon tlie well-

known electrolytic action, which causes

two zinc plates immersed in a solution of
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zinc sulpliate to vary their respective

weights in proportion to the current pass*

ing through them. This will be under-

stood by referring to the cut Fig. 25, which

shows a three-wire meter with the front

of the caise reiuovetl.

The cut shows the meter case divided

by a partition arranged

across its centre, the space

above it Ijeing occupied

by the bottles or jars, con-

taining the zinc plates,

immersed in the zinc sul-

phate solution.

These bottles, Fig. 26,

are provided with glass

tops, held in place by

screw ring, the glass tops

having holes in them,

through which pass the

copper stems of the zinc

plates, to engage with the

spring clips arranged

above the bottles, and serving both to

hold the bottles in place and to connect

the plates with small wires, leading to

Fio. 26—Meter
bottle.

^
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the space below the partition. The
zinc plates are kept a proper distance

apart by hard rubber fittings, which

are also arranged to keep the plates

from resting upon the bottom of the

bottle.

The small wires before mentioned as

passing from the clips above the bottles

to the lower space of the meter box lead

the current to the zinc plates in such a

manner that it mnst pass from one plate

to the other through the zinc solution.

In doing this the current detaches par-

ticles of zinc from one of the plates and

transfers them to the other, thus decreas-

ing the weight of the first plate. One
ampere, acting for one hour, will deposit

a known amount of zinc upon the nega-

tive plate in the bottle ; and it is by re-

moving and weighing the plates that the

amount of current which has passed

through the meter is ascertained.

The bottles are arranged in the meters

in pairs^ two pairs being used in the large

sizes of three-wire meter to insure by

comparison greater accuracy in determin-

^
.J
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ing the amount of current which has

passed.

Through the lower space in the me*

ter pass the coaductors leading into

the house, or rather they pass into the

meter box and are secured in binding

posts located on each side just within

the meter. These binding posts are

connected together, by what are termed

Shunt's/^ in this case, composed of

broad strips of German silver, care-

fully graduated as to their resistance,

so the Iflf of the current passing over

the wires will pass through them, while

T^V? current will pass through

each of the bottles, by means of small

wires which may be seen passing up on

one side of the meter and down on the

other, connecting at both ends to the

binding posts of the lower conductor.

The upper and lower conductors alone

are provided with shunts, the middle or

neutral wire having none but passing di-

rectly through the meter behind the
^' Thermostat/^ the lamp upon which, is

arranged between the neutral and upper
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Gondactor. The purpose of the thermo-

stat is to prevent the freezing of the zinc

solution in the bottles, which it does by

the automatic lighting of the lamp upon
it ; the heat from this lamp being suffi-

cient, in the confined space within the

meter, to accomplish the purpose desired.

The thermostat, Fig. 27, consists of a

block of wood to be secured against the

back of the meter. Attached to one end

Fio. 27.—Thennostot.

of this is a lamp socket, one wire from

. which is attached directly to the conduc-

tor leading through the meter, the other

being connected to an adjustable metallic

screw on the side of the socket. Near
this screw is one end of a strip of brass

to which is riveted a com{)anion strip of

jsteel, the opposite end being secured to
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the main block fixed to the back of the

meter. From this latter end passes a

wire^ which is secured in a binding post

located at one end of a piece of metal

passing beliind the thermostat, to con-

nect the two ends of the neuttal wire

entering the meter box at opposite sides,

together. A lamp having been screwed

into the socket, it is ready for opera-

tioD.

The end of the brass-steel strip, op-

posite the screw on the lamp socket, is

provided with a contact-point which will

rest against the end of the screw under

proper conditions; that is, when the tem-

perature in the meter falls below a cer-

tain point, the brass on the brass-steel

strip, contracting more than the steel,

will cause the strip to curve, thus bring-

ing the contact piece on its end against

the lamp base screw, and, completing the

circuit through the lamp, cause it to glow

and disseminate the necessary heat.

It is a quality of sulphate of zinc to

increase its resistance as it cools, and con-

sequently the resistance of the bottles is
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ever varying with the change in the tem-

perature about them. As an offset to this

seeming defect iu the apparatus small

spools of copper wire, accurately meas-

ured, are placed in the circuits of fine

wire leading to the bottles. The condi-

tions which increase the resistance of

the bottles, decrease the resistance of the

spools; and thus one offsets the other to

maintain a constant resistance.

These meters are in use both in this

country and abroad in large numbers,

and give satisfaction wherever used.

They are simple and inexpensive in con-

struction as well as economical and ac-

curate in operation
;
qualities which have

directly influenced their adoption in all

the large central stations throughout the

country.
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DESIGN AND OPERATION
OF

INCANDESCENT STATIONS.
By C. J. Field.

I DESIRE to present to you a brief re-

¥iew of the present and prospective fu-

nre of central power plants in the larger

cities, taking as an illustration one of

the more recent types, describing its gen-

eral arrangement, then proceeding to the

consideration of its initial cost, ^ming
capacity, output, operating expenses and

economy, and, in conclusion, trying to in-

dicate the immediate future development

in this class of work.

CENTRAL STATIONS.

The immediate points to be considered

and carefully weighed in the designing

of central power plant for a large city

are many, and they should receive care-

ful survey before any work is proceeded

with. We will briefly summarize them
as follows

:

85
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First—^Recognition of the importance

of safety and stability in operation.

Second—Obtaining the true economy

of output under all conditions.

Third—Installing of plant in a build*

dug entirely suited to the working of the

same^ and as far as human ingenuity can

provide, proof against destruction.

Fourth—^Adaptability to proper and
economical working of the plant.

Fifth— Division of the generating

power into the proper number of units

for the safe and reliable operation of the

plant.

Sixth—Flexibility of system; that is,

adaptation to furnishing current for

light, power and other sources of reve-

nue, the obtaining of the largest return

per dollar invested, and not carrying to

exeess for the mere sake of engineering

in any part of the plant but the obtain-

ing of proper results therefrom.

Seventh.—Not installing the plant for

mushroom growth, but laying it out for

comprehensive business, thereby securing
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at as early a date as possible the entire

confidence of the inyested capital.

A true and careful consideration of

these points will prevent trouble later

on. Much of the trouble of stations at

the present time in their standing with

the community is due to neglect of this

point, and the majority of their failures

as well. We have got to recognize the

fact that the public^ to a certain extent,

have become prejudiced^ in a measure^

somewhat unjustly; but this is all the

more reason for better and more conser-

vative management and giving them good
construction. No more inviting field

is offered for either investing capital or

good engineering than a central station

for lighting, power and railway work.

A BEPRESENTATIVE STATION.

I propose to take as a representative

type, showing the present development

and first-class work, the station of the

Edison Electric Illuminating Company,

of Brooklyn, which was completed last

fall, and is now in successful operation.
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In the arrangement of this plant there

was somewhat of a departure from pre-

Tions general practice in this line^ the

company trying to secure the benefit of

past experience in the larger stations of

this class^ both in the arrangement and

kind of apparatus used^ trying to secure

at as economical a cost as possible the

best plant for the purpose.

The boilers and engines are located on

the first floor, the engines being on the

front half, and the boilers at the rear,

thereby bringing everything in this part

directly under the eye of the chief engi-

neer^ making it much better than where

the boilers are located two or three stor-

ies up ; this was obtained by spreading

out a little more on the ground. The
boilers are Babcock & WilcQx^s largest

type of sectional water-tube boilers.

The engines are 300 h. p., compound,

horizontal, automatic engines, manufac-

tured by the Bali Engine Company.

Bach engine is directly belted to two

generators.

AscendiDg to the second floor, we reach
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the electrical part of the plant. Here

are located in the front part of the build-

ing, directly over the engine-room, twen-

ty*four dynamos, each with a capacity of

750 ampdres and 140 volts. Each dyna-

mo weiglis about eight tons. Overhead

travelling cranes are installed here and

in the engine-room for ready and quick

handling of all apparatus. Through the

centre of the dynamo-room is located the

electrical gallery. From here are con-

trolled the workings of all the dynamos

and other apparatus, also all outside

lines. Everything in connection with

handling, generation, and furnishing of

current is directly under the eye of one

man in this gallery, and from which he

has a general view of the dynamo-room

floor and the workings of the dynamo, a

second man being on tlie Hoor to see to

the bearings and brushes. From this

gallery run all the feeders, which connect

into the network of mains, covering over

an area of about one and one-lialf miles

square* The ampdre meters are located

on each feeder, so as to show the load in
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each part of the district. This plant

maiutains its distribution and regulation

thereof by balancing within itself. No
feeder equalizers are here used for feeder

regulation; the uniting and tying up of

the system, together with the use of the

auxiliary bus efiects this regulation. All

circuits of this plant are underground,

there being about twenty-five miles of

underground conductors. These have

given perfect satisfaction and reliability

in their workings, maintaining to-day an

insulation on the system as a whole of

over half a megohm.
On the rear of the second floor are lo-

cated the coal storage^ water-tanks and
feed-water heater. On the top floor we
have the offices, supply rooms and work-

shops of the company. Returning down-

stairs again we find in the basement ash-

pits, smoke flues, pump-rooms, two large

coal-storage vaults, giving a total capacity

for storage of over 1,000 tons, air-blast

for forced draft and other details m con-

nection with the steam plant.

We have, therefore, here, in a building
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75 X 100 feet, apparatus and all depart-

ments complete for the generation and

supply of current and power for a ca-

pacity of 40^000 lights^ or the equivalent

in light and power, and so arranged as

to secure^ as far as can be foreseen^ con-

tinnons working of the plant and entire

reliability in the furnishing of its cur-

rent. It is only thus that we can hope

to obtain a business and establish our-

selves on the commercial basis which gas

light companies Iiave placed tliemselves

in the past years, and thereby secure to

our stockholders the returns for which

they have invested their capital.

Having thus generally outlined this

plant, we will now turn our attention to

the consideration of other points in con-

nection with it. One of tlie most im-

portant items is the cost of such a plant.

I give you below, in round figures, the

cost as shown by the construction ac-

counts and estimates:
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Station building, complete, including
all fittings, foundations, stacks, fur-
niture, etc flOCOOO

Real Estate 86,000
Steam plant, including engines, boilers,

pumps, heaters, piping, belts, etc 50,000
Electrical plant, including dynamos and

all electrical apparatus, as switches.
etc 40,000

Undergronnd system material 115,000
Excavation and labor installing same. . 35,000
Geueml, including lamps, meters, tools,

instruments, engineering and archi-

tectural expenses, wiring, services

and office fumituie 50,000

Total f426,00O

This indudes the entire cost for the

plant as it stands to-day^ wliicli^ as far as

the building is concerned^ is complete

for the entire capacity. At present there

is installed generating capacity o£ boilers,

engines and dynamos^ for one third {^)

of the final output of the plant. The
electrical apparatus is complete for the

entire output, with a very few additions

in the way of a few switches, etc. The
underground lines have a capacity for

20,000 lights. The work necessary to

complete the plant for its entire capacity

would amount to about $200,000 addi-
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tional. For this amount there has been

obtained here a plant, which is considered

equal, if uot superior^ to any of this class,

and at a cost of twentyto thirty per cent,

less than is expended for similar ones.

I will take up the next consideration

of the operating expenses of such a plant.

In order to place the company (m an

earning basis we have to secure to start

with a certain number of lights or an

equiyalent in lights and power to clear

the necessary general and operating ex-

penses, which will exist regardless of

the smallness of the load ; in other

words, we must haye for* such a ca-

pacity-plant not less than . 5,000 lights

with an average income of $8 per light

per year to clear the general incidental

and operating expenses* This figure we
may consider as our unit of operating

capacity. From this we can figure the

increased earnings and profits for the

larger number of lights connected.

There exists practically a constant ratio

of variable and fixed operating expenses.

By variable expenses we mean those ob-
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tained on a variation in load and increase

of basinesB. This includes coal, oil,

lamp renewals, and small increase from

time to time in the amount of labor em-
ployed. The fixed expenses include

those items which remain practically con-

stant under varying conditions of income.

A careful analysis of all the items cov-

ered in these expenses in such a station

as this one, gives the following result

:

That the fixed expenses are seventy-five

per cent, of the whole, and the variable

twenty-five per cent, approximately; or^

in language which may appeal more di-

rectly to you, if we double our income or

business, we only increase our expenses

25 per cent. This shows that a station's

possibilities and profit . lie in increasing

this business from the unit point.

The average income per light in sta-

tions of this class varies in different parts

of the country and with different loads.

We have obtained a load diagram,

taken from this station, which gives

a fair idea of the changes and varia*

tions here taking place. The maximum
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number of lights lighted at any time in

proportion to the number connected is

very good for such -work and shows a

good class of business. The load dia-

gram through the day, however, shows a

new station on a clear day with a small

number of lights lighted, and power work

only just commencing. It is this power

work that wants attention, and the se-

curing of which means the bringing up

of this avemge load duriug the daytime

to a good paying basis. The curve for

the evening hour indicates a good, broad,

solid load, which shows the combination

of six o'clock business with the addition

of a good solid evening load. Many sta-

tions after reaching the maximum point

around six o^clock, rapidly fall oil and

never regain that point again for the

eveninor. Then we have the illustration
CD

of clubs, theatres, churches, concerts and

residences, lighting after supper, bringing

up the load to its maximum point be-

tween eight and nine o'clock. The aver-

age load for the twenty-four hours, which

is about twenty-five per cent, of the
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maximum is a very fair one, and with the

addition of the day load that will come

Qxx with the additiou of power^ it makes
a model load diagram. The general run

of statious shows an average for the

twenty-four hours of from twenty to

forty per cent, of the maximum loadj

the latter figure is very seldom reaehed.

The writer knows of one station in which

we have the latter figure^ and where, if

we eliminate one short half-hour around

six o'clock, we have the remarkable show-

ing of seventy-five per cent, average load

for the twenty-four hours.

We have taken some remarkably fine

indicator cards, which show the work-

ings of the engines of the steam plant in

this station. The division of work shown
on the cylinders is as follows:

I. H. P. bead end high pressure
cylinder 68 8-10 b. p.

1. H. P. crank end high pressure
cylinder 80 8-10 b. p.

I. H. P. crank end low pressure
cylinder 59 2-10 h. p.

I. Jd. P. head end low pressure
cylinder 55 240 b. p.

Making a total I. P. H. . .238 4-10 h. p.



97

with a boiler pressure of 110 pounds,

revolutions 223 and load 1,200 amperes,

which is the equivalent ol' 2,725 lamps;

therefore giving for indicated power
furnished eleven and one-half lamps per

horse power. This is for power devel-

oped, making no allowance for friction

of engine and dynamo. The friction of

the engine is less than five per cent, of

its normal capacity.

Having in the above given a general

outline of this plant, its cost and operat-

ing expenses, I now wish to call your at-

tention to the points in connection with

the type of engines, boilers, dynamos,

underground system, etc., to be adopted

in a station of this class.

CONCLUSIONS.

We will first consider the question of

the engine. As already stated, in pro-

posing the engine power of a station of

this kind, we first have to consider tlie

question of using either the Corliss or

high-speed engine. Regarding the use

of Corliss engines in a plant of this kind.

^ y i^Lo l.y Google
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-we aro frank to state our objections.

Excessive first cost,ponderous machinery,

counter-shaftings pulleys, clutches, etc.,

lead us to believe that these things are

unnecessary when the problem is care-

fully considered from iiu unbiased stand-

point. What we are after is results; not

theory, but actual practice. Assume, for

the sake of argument, that we can save

five or ten per cent, in steam economy

;

if this is obtained at a cost, the interest

of which amounts to more than this, we
iire obtaining it for no s^ood whatever;

furthermore, there are many other prob-

lems in electric light stations which we
have to carefully consider in tliis ques-

tion of steam plant, one of which has

been enumerated before, viz., the question

of reliability in operation, and always

being ready for service. One of the lat-

est types of stations combining arc and
incandescent, where we have the Corliss

engine in all its perfection of detail and

apparatus, is that of the Narragansett

Company, in Providence. If one will

carefully look over this plant, as I had
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the pleasure of doing a short time ago

with others, and consider all these prob-

lems carefully^ and then examine &
station similar to the Brooklyn one, I

think he will be forced to admit this fact.

We want to obtain our power as direct

from the engine to the dynamo as possi-

ble, and at the same time as cheaply, and

obtain the best economy under the vari-

able loads we are going to have. We
cannot design our plant for that capacity

which is reached as shown on our load

diagram, for only a short time in the

twenty-four hours, but we must so design

it to give this result for the average that

we have during the twenty-four hours.

Even where we have a more constant

load, as iii exclusive arc lighting on muni-

cipal circuits, I think even here we need

to carefully consider the problem a&

well.

High-speed engines, so called, although

they are not in piston speed any higher

than the Corliss, but merely in rotative

speed, have shown a considerable develop-

ment and marked advance in the past
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year^ and the next year is going to see

even more developmeut iu this line.

Owing to better workmanship^ better

designing and building than formerly,

the prejudice which largely existed

among old engineers against this type

of engine is rapidly wearing away.

With the single cylinder engine nnder

variable load, we often obtain poor econ-

omy, but, as compared with the Corliss,

under similar conditions, allowing for

the discrepancy in price, the result is not

so disparaging. 'Now they are going

further, and building compound and
even triple expansion engines of this

class. In the Brooklyn station we have

the Ball, one of the representative types

of this class of engines, being horizontal,

compound engines.

These engines are built for high econ-

omy and economical work, and the guar-

antees made on them I think compare

favorably with the guarantee on com-

pound Corliss engines; at least, three or '

four of the manufacturers of this class of

engine stand ready to-day to guarantee
c
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from 22 to 25 pounds of water per indi-

cated horse power per liour. 1 do not

know of any Corliss manufacturers who
are willing to do any better. This is for

nou-condensing; condensing from 17 to

18 pounds of water per horse power per

hour. Engines of this class are as well

built now in workmanship, and as reli-

able in operation as can possibly be

desired. Added to this, we have the ad-

vantage of direct connection to our gen-

erators, avoiding . all the intricacies of

shafting, etc., and the unreliability they

entail. Tests made at the Brooklyn

station have shown that the engines have

actually come up to the guarantee made
on them, and that the plant there is

showing, as comparcel witli single cylin-

der engines, an economy of coal per unit

of output of from 25 to 30 per cent,

better. In a station of this kind, the

actual coal consumed per unit of output

at the dynamos is considerably larger

than is shown in a direct test where we
charge tbe engines only ^vith tlie ooal it

uses directly. The weekly records from
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stations of this class charge the horse-

power output with all the coal used by

the engine, pumps, condensers, well

pumps, cleaning fires, blowing-ofi boil*

ers, etc., and where the former item is

about three pounds of coal per horse

power per hour, we have in the latter

case, making no allowance for the engine

Tunning empty, a result fifty per cent,

greater ^than this. Economy in this line,

however, is not going to stop at com-

pound engines, as there are being built

by at least two manufacturers, triple ex-

pansion high-speed engines. (Mr. Field

here showed views of such an engine, im-

ported from France by Mr. Edison.)

Something similar to this is what we

may obtain to-day, if encouragement is

olfered, from such engine manufacturers

as Armington & Sons, Ball Engine Com-
pany, Mclntosli & Seymour and others.

We are coming to a recognition of the

fact that if we want the high economy
we can obtiiin it as cheaply and as well,

not to say more cheaply and better, with

an engine of this class as with engines
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similar to those installed in the Provi-

dence station. In guaranteed economy it

will equal the Corliss engine, as installed

in the Karragansett station, and give it

to you under a wider range of load.

In connection with the triple expan-

sioh engine mentioned, we have to con-

sider, again, the problem of the dynamos

to be used. We can stay as at present,

and belt our dynamos, but I believe that

the next large incandescent station will

not only include compound or triple ex-

pansion engines of 300 or 400 h. p., but

will also have multi-polar dynamos, one

or two beino: directlv connected to the

engine. By tliis i do not mean belted,

but direct shaft connection through a

flexible coupling. This of course, neces-

sitates the multi-polar machine, in order

to secure the output witli a slower speed.

Engines and dynamos of this type can be

installed in the space at present occupied

by the engines alone. This means not

only economy in building and real estate^

but also in operating expenses.

In regard to boilers for such a plants
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we do not know that we have any new
economy to be hoped for in the near

future. All we have to look for at pres-

ent is improvement in detail of maiui-

faeture and the securing of better and

dryer steam. We have two classes of

boilers prominently before us for this

work. We have^ in genera], first, hori*

zontal tubular boilers, wliich we find in

general factory use, to a large extent,

throughout tlie country. Wliere we have

plenty and cheap real estate, poorer at-

tendance and moderate steam pressure,

this class, in general, tills the bilL We
find, however, that they are now even

building them to work up as high as 125

pounds boiler pressure. When we come
to construclion of the boiler plant on ex-

pensive city property, where we are

cramped for space, we are almost limited

at once to some one of the types of sec-

tional water-tube boilers. In the Brooke

lyn station we are practically limited to

the consideration of this class, and we
Inive not only 125 pounds but 150 pounds

boiler pressure, and even higher. We
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liave also the advantage of quick steam-

ing under heavy changes in load.

We have to-day brought before us in the

underground systems the consideration

of what is to most of the companies their

most serious problem, in the proper solu-

tion of which the best talent is being de-

voted. In the Edison underground

4system we have what is generally recog-

nized as the most practical solution

for circuits of less than 400 to 500

volts. We here obtain at a premium of

•cost the most flexible system and local

distribution from house to house^ which

has no equal It enables you to take off

services for local distribution from every

twenty feet without in any way affecting

the insulation on the main liue^ and be-

ing able at any time to disconnect these

services and restore the main to its origi-

nal condition. In any other system we
have the problem of splicing and cutting

of cables, which, at its best, is bad work.

What we desire is not such a high insula-

tion as good mechanical protection. As

long as we can hold a moderate insula-
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tionwith good mechanical protection^ that

is all we want. In Paris they have used

bare copper conductors^ supported on
porcelain in a concrete conduit. This

has worked satisfactorily in the main so

far, but, of course, is very expensive.

They are now proposing for all their

increase, the Edison tubing for this class
'

of work. In any system of cables drawn
in we have the selection of a large class

of conduits, but to my mind all we need

and desire, as I have before stated, i&

mechanical protection for these cables,

and the cheapest conduit that will afiord

this protection is all that is necessary.

• What is wanted especially is some system

of local distribution for these higher

tension circuits. The underground sys-

tem installed in Brooklyn has a netwoj^k

of underground conductors in the mains

and feeders of over twenty-five miles.

This entire system is so arranged, dis-

tributed and connected in a network

that, with a drop or resistance of 1 per

cent, on the mains and 10 per cent, on

the feeders, we are able to maintain in
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the system practically a perfect regular

tion in the distribution of the current.

This system stands to-day representing

one of the most complete and perfect ex-

amples of work of this class. The larg-

est problems that we know of in under-

ground work are the proposed new
extension of the Edison Company in New
York, and the underground system of

feeders proposed to be installed for the

West End Railway, of Boston. The
copper alone for the latter amounts to

oyer ll^OOO^OOO; and this question of

the cost of the copper calls my attention

to a fact which I desire to notice^ that

much of tills question of bugbear on

copper is uncalled for when we are con-

sidering the underground system. The
entire copper used on the system in

Brooklyn is less than one-fifth of the

cost of the underground system first

installed.

I do not desire to claim that the ideas

for the class of work here represented and

described hold or represent all the perfec-

tion to be obtained in central station work.
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There are many points contrary to tlie

ideas here outliued which iire very desir-

able. Ihave merely tried to call your atten*

tiou to wliat I consider good work in this

particular line^ and hope that it will result

in bringing forth the discussion and ad-

ditions which are very beneficial in the

consideration of these prooleins in the

results to be obtained., and I would only

add a tribute to the powerful and master-

mind whose work, from the commence-

ment of this field of central station distri-

bution, has covered the leading problems

and points, and whose idea* to-day repre-

sent much of the good and very little of

the bad problems which we have in this

work. I refer to Thomas A. Edison, whose

work commenced in this field on the

old Pearl street station in New York,

over eight years ago, when the majority

doubted, and but few believed in its

successful carrying out; while we find

that station, until within the past few

months, when it was partially destroyed,

successfully working,and even antiquated

as it was, earning large dividends. He
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has still continued actively to impreg-

nate the work with his ideas from that

day to this although he has not taken

such an active part in its carrying out,

hut I think we may see him at no distant

day again taking a hand in this work

and bringing forth many new ideas in

advancing the progress of the future.
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THE MAXIMUM EFFICIENCY

OF

INCANDESCENT LAMPS*
By John W, Howell.

The word efficiency, when applied to>

an incandescent lamp, is used to designate^

the amount of energy required by the'

lamp for the production of a given

amount of light ; thus we say that a given

lamp has an efficiency of three watts per

candle, at sixteen candles, meaning, that

to produce an illumination of sixteen

candles we must supply the lamp with

forty-eight watts.

The word efficiency, when applied to a

prime mover or to any piece of appara-

tus that changes energy from one form to

another, or which transmits or utilizes

energy, has a well-defined meaning, and
is used to represent the ratio of the energy

of the useful eifect produced by the ap*

* A paper read before the American Institute of

Electrical Engineers, April lOth, 1686.
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paratus, to the energy necessarily sup-

plied to the apparatus to enable it to pro-

duce that effect.

An incandescent lamp transforms elec-

trical energy into heat and light, so the

use of the word efficiency to denote the

imtts per candle required by the lamp is

not a proper one. To denote properly

the efficiency of an incandescent lamp

we must be able to separate the energy of

the light produced by it from the energy

of the heat produced. Then the ratio of

the energy of the light to the electrical

energy required by the lamp will be a

correct expression for the efficiency of the

lamp, and we will have to find some other

word to designate the watts per candle.

In this paper the word efficiency is used

in its ordinary improper sense to denote

the watts per candle required by a lamp

when producing a given amount of light.

The efficiency of a lamp varies with its

candle-power. The curve. Fig. 1, shows

the rate of this variation for a particular

lamp. At 5 candles this lamp has an

efficiency of 6.7 watts per candle, at 10
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candles it is 4.2 watts per candle, and at

2U candles it is 2.66 watts per caudle.

Any statement regarding the efficiency

of a lamp must therefore, be accompanied

by a statement of the candle-power at

which it has the stated efficiency ; with-

out this it is meaningless. There is

nothing in an incandescent lamp itself

that fixes its proper efficiency or in any

way indicates what it is. The lamp from

which the curve, Fig. 1, was determined

has, within the limits of the curve, any

efficiency between 2 and 7 watts per can-

dle. Thus, by simply changing the can-

dle-power of the lump, we ciui operate it

^t any efficiency we choose, and get as

much or as little light per watt as we
choose.

In commercial practice the candle

power of lamps is always marked on them
and their efficiency at this candle-power

is stated ; but even this is not a proper

index to the value of the lamp or to its

proper efficiency. Experience has shown

that lamps are almost universally run

above their normal rating
;
lamps rated
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Watts per Candlei

Fia.i.

from 3.6 to 4 watts per candle^ and in

order to make lamps that will stand the
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strain of being run above their rated

capacity, it is necessary to rate them con-

siderably below the efficiency at which

they will give the best results under

ordinary circumstances.

Lamps have been made and sold in

England which have a very high rated

efficiency, but parties buying these lamps

are told that they will get very much
more satisfactory results if they run the

lamp heJow their rated capacittf. So we

see that some lamps are rated above their

capacity and some are rated below, and

the rated efficiency of a lamp is not al-

ways the best efficiency at which to run

it. How then, are we to determine the

efficiency at which a lamp will give the

best results? It is this question which

I will attempt to answer.

The term maximum efficiency of a

lamp, as used in the title of this paper,

does not mean the highest efficiency at

which a lamp can be operated, but the

efficiency at which the best results are

produced by the lamp : or more accu-

Digitized by Google



118

lately, the efficiency at which the cost of
operating tlie lamp is a minimum.
Taken in this latter sense, the maximum

efficiency of a lamp is not its liighest effi-

ciency. As we increase the candle-power

of a lamp its efficiency increases; conse-

quently, by running the lamp liigh

enough we can make its efficiency so high,

that very little ])ower is required to pro-

duce a given amount of light, and the

cost of power to produce the light is very

small. But, while the efficiency of the

lamp increases, its life decreases, and if

we run a lamp at too high an efficiency

the saving in the cost of power is more

than balanced by the increased cost of

lamp lenewals.

To determine the maximum efficiency

for lamps under given conditions, we
must determine the efficiency at which

the sum of the costs of power and lamps

is a minimum, and in order to do this

w^e must know the rate of variation of

the life of a lamp with its efficiency.

The curve, Fig. 2, shows this rate of

variation. This curve is the result of
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very carefully conducted experiments

Curve thowlng lives of equally good lampSi

jbumed at different effioiencLee. «

16000.

4 3.5 3

Watts per Candle*

Ft9. 2.

made by the Edison company. These
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experiments extended over five years and

coDsnmed a very large number of lamps.

Its accuracy when applied to Edison

lamps is beyond question; but our ex-

periments with lamps having an artificial

surface on the carbon, or flashed'*

lamps as they are called, show that their

rate of variation of life and efficiency

follows a different curve.

Tins curve does not applif to individ"

ual lamps. If we take two Edison lamps

and burn them at different efficiencies,

their lives for these efficiencies will prob-

ably not be such as indicated by the

curve, nor will they be proportioned to

i^hese indicated lives. But if we take

one hundred lamps and burn them at

one efficiency, and another hundred

equally good lamps and burn them at

another efficiency, the average lives of

the two sets will be proportional to the

lives indicated by the curve for these

two efficiencies.

In order to determine at what effi-

ciency the cost of operating lamps of a
given quality under given conditions is a
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minimum we must calculate what this

cost is at different efficiencies. To do
this we consider the total cost of operat-

ing the lamps to be made up of two parts^

viz., the cost of the current and the cost

oi' the lamps. The cost of the current is

made up of every expense incurred in

operating the lamps, includiag materials

consumed, labor, taxes, insurance, rent

and every other expense incurred in op-

erating the plant, except the cost of

lamps. The cost of the lamps is an item

by itself, and is the amount which the

lamp has cost when it is put in use.

This is a natural division of the total

cost of operating a plant, since to pro-

duce light by incandescence all that is

necessary is a lamp and current to oper-

ate it.

If, in any case, we know the cost of

the current required to operate the lamps,

the cost of the lamp, the quality of the

lamps—that is, the life they will give

when burned at a given efficiency—and

the rate of variation of their life with

efficiency, we can then calculate at what
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efficiency the cost of operating the lamps

is a minimum, and this I call the max-

imiun efficiency of those lamps.

The following examplesshow what this

maximum efficiency is. under varying

conditions of the cost of lamps, the cost

of current and the quality of the lamps.

The coat of the lamps I have varied be-

tween 25 cents and $1.00 each. The cost

of current varies between 2.5 cents and

10 cents per h, p. per hour. The quality

of the lamps varies between 300 hours

life at 3 watts per candle, and 2,400 hours

life at 3 watts per candle.

In each of the following cases I have

calculated the cost of operating 100 16

c. p. lamps 1,000 hours, at each of the

efficiencies comprised in the curve of

total cost. These curves do not show

the cost of running the same lamps at dif-

ferent efficiencies, but the cost of running

equally good 1 G candle lamps of the dif-

ferent efficiencies.

The first case we will consider is shown

in the diagram Fig. 3. In this case the

lamps are assumed to cost 85 cents each
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and to have a life of 600 hours at 3 watts

per candle. The current is assumed to

cost 10 cents per h. p« honr.

Lainps 85 cts. each—Life 600 hrs«at 3 W^tts per Candjet

Current costs .10 ct8t per H'i per hour*

#950

900
«3
•>
o
O
io
I-

850

800'

L«
783

iia.5
/o

L =.145

$30O

200 »
ft

8

100 o

3 3;5 4> .Watt» per Candle*

Mlnrmtim at 3.1 'Watts perCandlei
AMaSicniisJiP tEi^iteieVicj 3J .WaLttt per Candle.

The cost of the current is determined

from the following formula:

Current cost=
(cost of ct.

per h. p.

per hour
746 T
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And the cost of lamps from this for-

mula:

Cost of lamps =
cost of one lamp X 100 X 1,000

Life at given efficiency

The curve marked total cost shows the

total cost of running 100 16 c. p. lamps

1,0U0 hours, the efficiencies of the lamps

varying between 2.5 and 4.25 watts per

candle. The efficiencies are shown by

the vertical lines, referring to the scale at

bottom* The value of the total cost at

any point of the curve is shown by the

horizontal line through the point, refer-

ring to the scale at the left of the dia-

gram.

The lowest point of the curve shows

the point where the total cost is lowest.

This is the minimum cost of operating

these lamps under the given conditions.

The mark at the lowest point of the

curve shows tliis minimum cost to be

$783, and a vertical line through this

point to the scale at bottom of the dia-

gram shows that this total cost is a mini-
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mum when lamps having an efficiency of

3.1 watts per candle are used.

Thus the maximum efficiency of these

Lajpps SliOO each-Life 600 hrs. at 3 Watts per Candle.

Current costs 10 cts. per tP, per hourt

Minimum ftt 3il8 Watts per Candle.

•% Maximum Efficiency 3«I8 Watts per Candle*

Fig. 4.

lamps under the conditions assumed is

3.1 watts per candle.

The lamps considered in the case shown

in Fig. 4 cost $1.00 ; all other conditions

. kj .i^od by Googl
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are the same as in the case shown in Fig.

3. This increases the total cost from

$783 to $800, and necessitates using lamps

of 3.18 watts peir candle instead of 3,1,

Lamps $liOO each-Life 600 hrt.at S.Wajtts per Cairdl)0i

Current posts 5 otti per liPt per hpur*

Minimum at.3i5 Watts per Candlei

#VMaximum.Efficieiicy 3.5 WatU par CanctiO*
*

Fig. 6.

to make the cost of operating a mini-

mum.
In the case shown in the diagram. Fig.

5, the current costs 5 cents per h. p. per

hour: the other conditions are the same



127

as in the case assumed in Fig, 4. The
minimum total cost in this case is $444,

and to make this cost a minimum we
must use lamps having an efficiency of

3.5 watts per candle.

MOO

Lamps tUOO each- Life 300 hrs. at 3 Watts pier Caii(flli>

Cuceent costs 2.5 Gts« per kP, per hom

850

oO

o

300

250

\t

V

o

\ T-
L-

273
•41

L .

T
'.154

•

iOO

50 I

•3.5 4 4..5 WatU t>er Gamftoi

lyCnlmtfrTi at 4-.32 Watts per Candlet

J!m fAaxinuim Eiflolencj^ ^,.3Z Watts p^9t eaitdSai

In this case shown in Fig. 6 the lamps

cost the same as in the last, but are only

half as good ; the current costs just half

as much as in the last case. The mini-

mum total cost in this case is $273, and
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the maximum eflSciency of the lamps is

4.33 watts per candle.

In the case shown in Yig. 7 the lamps

cost 50 cents and have a life of 1,200

lUunpt 80 ett. each-Clfe 1200 hrs. at 3 Watts per CancUet.

Curreiil costs 10 ctsi per HP. per. hour.

2* 2.5 3 3.5 4 Watts

Minimum at 2.62 Wattt per.Candle. P®*"

•% Maximum Efficiency 2.62 Watts per Candle*

Fig. 7.

hours at 3 watts per candle. The cur-

rent costs 10 cents per h. p. per hour.

This is the cheapest and also the best

lamp we have yet considered, but the

current is expensive. In this case the
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minimum total cost is $654, and the

maximum efficiency of the lamp is 2.62

watts per candle. In this case. Fig. 8>

the current costs half as much as in the

previous case, other conditions being the

Umpi 50 ett. eUch-Lifo I2.Q0 hn* tt 3 Wleittt per CaluU^t
*

Currmnt eotts 5 cti« pjetr ¥Pm per hotfei

Wtntmum at 2^87.5 Watts per jJandlei

^mi£jxxdmum EitiGLtincy 2iQQ. Watts piex fiacuUej

Fis-a.

same. The minimum total cost is re-

ducedfrom $654 to $362. The maximum
efficiency in this case is 2.88 watts per

candle. In Fig* 9 the current costs twice

as much as in the previous case anel the
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lamps are only half as good. The mini-

mum total cost is doubled^ but the maxi-

kmp% 60 etti eftch-LSfe 600 hirt.<at 3 Waits per Candlai

Ouixent 10 otsi pbr Ift par houta

i0oo

6 800

I

760

T
L

I L
\ T

-728
-107.

-.146

^/
V

t - 1

300

200

E

O

o
Q

100

2.5

imum at 2.88 Watts per Candle.

urn Efficiency 2i68 Watts per CandlOa

mum efficiency is the same as in the

previous case.

In this case^ Fig. 10^ the current costs

one-half of that assumed in the previous
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case, other conditions being the same.

The miniiuum total cost is $400^ and the

maximnm efficiency 3.175 watts per can-

dle.

The curve^ Fig. 11^ illustrates the case

UAnpt 50 ctb..each>-Life 600 nr8i at 3 W^atts ptr CaniUd*
Cuecent cottt 5 ctt« per }-Pt per Kour« (

of very cheap and very good lamps, with

moderate cost of current. The mini-

mum total cost is low, $294, while the

lamps are run at the high efficiency of

2.38 watts per candle.

^
.J

i^L^ l.y Google
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In the case shown in Fig. 12, the cost

and quality of the lamps are the same as

in the previous case^ but the current costs

twice as much. This increases the mini-

Umpi 2ft otsi eaeh-Ufe 2400 hfi. at 3 Watte |ier Gtxi^'fy

Cturent coste 5 ott« per IP* pftr Unvc*

Minirnum at 2.38 Watts per Candle.

./•Maximum Efficiency 2.38 Wat^ pcy CaadlOj

Fig. 11.

luurn total cost from ^^294 to $535, and

raises the maximum efficiency to 2J4
-watts per candle.

In the case. Fig. Yd, the cost of lamps

and the cost of current are thesame as in

Digitized by Gc
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the case shown in Fig. 11, bnt the lamps

are only half as good. TJie minimum
total cost is increased from $294 to $327,

and the maximum efficiency is reduced

from 2.38 to 2.62 watts per candle.

Lamps.25 cts. each- Life 2400 hrs. at 3 Watts per CknUjii
Current costsJO cUt per hPi peiLhouri

t650

600

I
550

600

T-5:

\

—

T^^^

<o /
to /

^#
1

-

$160

fOO i
e
I*

I
60 3

1.6

*0
2.5

Minimum at 2tH Watts per Candlei

^V'^A'^^ Eiticiency 2.14 Watts pjBf CamU^s

The first and plainest inference drawn

from these curves is that the maximum
efficiency o£ any given lamp is not a fixed

one, but varies with conditions outside
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the lamp itself. Identical lamps oper-

ated under different conditions of cost of

current must be burned at different effici-

encies to make the cost of operation a

Lamps 2B ott. each-Life 1200 hrt. at 3 Wattt per Ceadl«»

Current oottt^S cttt per IP* per_hourc

t480

400

eO
3
o

350

^800

T = 327
L - 47

L
T
=.143

100

E
tt

so
o
O

\\\

2.5

im at 2i62 Watts per Candle.

EjEficiency 2i62 W^atto: per Candle^

Fife. 13«

minimum for the production of a given

amount of light. In order to determine

the maximum efficiency of lamps, there-

fore, we must know the quality of the

lamps referred to some standard, the

cost of the lamps to the consumer, and
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the cost of current under the actual con-

ditions existing at the place where the

lamps are to be used.

In the eleven cases shown in this paper

the lamp of highest efficiency is obtained

in the case shown in Fig. 12. This is a
case where tlie lamps are very cheap and
yery good, and current is very expensive.

The lamp liaving the lowest efficiency is

obtained in the case shown in Fig. 6^ in

which the lamps are poor and high-

priced and the current is very cheap.

There is a marked difference in the

sharpness of these curves at the mini-

mum points. An inspection will show
that the sharpness of the bend in these

curves depends upon the cost of the cur-

rent, the curves in which the current

costs 10 cents per h. p. per hour being

the sharpest. Those, in which the cur-

rent costs 5 cents, are next^ and the one^

Fig. 6, in which the current costsonly 2^
cents per h. p. per hour, is very flat at

the bottom or minimum point. In this

comparison Fig. 7 is not considered, as it

drawn on a different scale from the

Digitized by
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others^ and is not as sharp as it should

be.

This indicates that the more expensive

the power is, the more carefully must

the lamp efficiencies be chosen. In Fig.

12, which shows the sharpest curve, a

yery slight variation in the eihciencies of

the lamps makes a very great change in

the total cost of operation.

In the case shown in Fig. 6, in which

the current js very cheap, we find that a

very considerable change in the efficiency

of the himps used makes very little dif-

ference in the total cost of operation.

On each of the eleven dis^rams two

curves are drawn, one showing the total

cost of operation, and the other showing

the cost of lamps. On each of the curves

showing the cost of lamps, a point is

marked which indicates the cost of the

lamps when the total cost is a minimum.
The letter T marked on each of the fig-

ures denotes the minimum total cost of

operating the lamps under the given con-

ditions. The letter L denotes the cost

of the lamps when the total cost is a

Digitized by Google
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minimum ; and the expression L denotes

T
the ratio of the cost of lamps when the

total cost is a minimum, to the mini-

mum total cost. An examination of all

these curves shows that while the mini-

mum total cost varies with each of the

three quantities—price of lamps, quality

of lamps, and cost of current—^neverthe-

less, the total cost is always a minimum
when the cost oflamps is about 14.5 or 15

jper cent, of the total cost of operation.

This figure varies somewhat in the dif-

ferent examples considered, but the vari*

ation seems to follow no law. In Figs.

6 and 12, which show the highest and
lowest efficiency lamps, the figures are

15.1 per cent, and 15.4 per cent, respect-

ively.

The steepness of the curve showing

the cost of lamps, and the difficulty of

determining the exact minimum point of

a curve which has been drawn by inac-

curate methods, makes it difficult to get

the cost of lamps accurately when total

cost is a minimum. These curves and

^ y i^Lo l.y Google
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values are given just as they were deter-

mined^ and no effort has been made to

bring the results into closer agreement^

as could readily Imve been done. I con-

sider the variation shown by these carves

to indicate closely enough that this ratio

of cost of lamps to total cost at the mini-

mum point is nearly, if not quite, con-

stant and that its value is between .145

and .15.

This establishes a very simple law for

determining whether or not lamps are

being opei ated at their maximum eflB-

oiency ; for if they are, the lamp bills will

be about 15 per cent, of the total operat-

ing expenses of the plant. If the lamp
bills are more than 15 per cent, of the

total operating expenses the lamps are

being burned above their maximum effi-

ciency, and lower efficiency lamps should

be obtained. If, on the other hand, the

lamp bills are less than 15 per cent, of

the total expenses, the lamps are being

burned below their maximum efflciencv,

and higher efficiency lamps would reduce

the cost of operating the plant. Where

Digitized by Google
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fuel is high priced^ or where other caused

operate to make .the cost of generating

current high^ it is specially important to

use lamps of the maximum efficiencyi

for we have seen from the above curves

that where the cost of current is high,

the use of lamps whose efficiency is a

little above or below the maximum effii-

ciency attainable under the conditions of »

operation, makes a very marked increase

in the operating expenses of the plant.

If in any plant the lamp bills are only

10 per cent, of the total expenses, then

increasing the efficiency of the lanips by

increasifig their candle-power does not

diminish the total cost of operating the

plant. In order to reduce the total cost,

the lamps must he replaced by lamps of

the same candle-power but of higher effi^

ciency. If the efficiency of the lamps is

increased by raising their candle-power,

the cost of operating the plant per unit

of light produced is reduced, but the to-

tal cost is increased^ A plant which is

paying less than 15 per cent, of its total

expenses for lamps, and which brings

Digitized by Google



the lamp bills up to 15 per cent, by in-

creasing the candle-power of the lamps^

does not decrease the cost per lamp of

operating the plants but does decrease

the cost per candle of light furnished.

If they are paid for the increased light

given by the lamps^ the eflBciency of the

plant is made a maximum for the exist-

^ ing conditions; but if they are not paid

for the additional light furnished, the

efficiency of the plant is reduced.

This law enables any one operating an

incandescent lamp plant to determine

whether or not he is using the most suit-

able lamps for his plant. If the condi-

tions of operation of a new plant are all

known, and the quality of the lamps

made by any lamp maker is known, we
can determine before starting what is the

most ecoiiomical lamp to use.
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